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0 2-substituted coumaran derivatives. 



© The present invention relates to a compound of the formula: 
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(I) 

CO 
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wherein R 1 is hydrogen or a lower alkyl; R 2 is methyl which is substituted by a carboxy, alkoxycarbonyl. 
J2 cyano, halogen, aryl or heterocyclic group or C2-1S chain-like hydrocarbon residue having no lower aikyl at 
(V) the a-position which may be substituted by a carboxy, alkoxycarbonyl, cyano, halogen, aryl or heterocyclic 
^ group: R 3 is a lower alkyl; R* is hydrogen or acyl; and R s and R G each is a lower aikyl or lower aikoxy, or 

R 5 and R 6 combinedly are butadienylene or a salt thereof. 
Q. The compound (I) of the present invention has a strong 5- and 12-lipoxygenase inhibiting action, is of high 
^safety and is useful as, among others, an agent for ameliorating circulatory system, an anti-allergic agent and a 
pharmaceutical agent for central nervous system 
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2-Substituted Coumaran Derivatives 



This invention relates to 2-substrtuted coumaran derivatives. 

While several types of compounds of coumaran derivatives have been synthesized [Journal of 
American Chemical Society (J. Am. Chem. Soa) 105. 5950(1983); ibid, 107, 7053(1985)], substantially no 
reports have been made on their pharmacological actions. 

The present inventors synthesized various types of coumaran derivatives and found that they had 
inhibitory actions on 5-flpoxygenase and 12-lipoxygenase participating in the biosynthesis of leucotrienes 
and lipoxins, and they have continued the research work diligently to accomplish the present invention. 

Trie present invention is to provide a compound of the formula: 




wherein R 1 is hydrogen or a lower alkyl; R 2 is methyl which is substituted by a carboxy, alkoxycarbonyl, 
cyano, halogen, aryl or heterocyclic group or C2-15 chain-like hydrocarbon residue having no lower alkyl at 
the a-position which may be substituted by a carboxy, alkoxycarbonyl, cyano, halogen, aryl or heterocyclic 
group; R 3 is a lower alkyl; R 4 is hydrogen or acyl; R 5 and R 6 each is a lower alkyl or lower alkoxy, or R 5 
and R 6 combined are butadienylene, and a salt thereof. 

Referring to compounds represented by the above-mentioned (I), the lower alkyl represented by R 1 is 
exemplified by Ci-s alkyl such as methyl, ethyl, propyl, i-propyl, butyl, i-butyl, sec-butyl, t-butyl, amyl, 
hexyl. etc., especially C1-3 alkyl (methyl, ethyl, propyl, i-propyl, etc.) being preferable. 

As substituents of the substituted methyl represented by R 2 , mention is made of aryl (phenyl, 1- 
naphthyl. 2-naphthyl. indanyl, tetraiyt, etc.), heterocyclic group (2-thienyl, 3-thienyl. 2-pyridyl, 3-pyridyl, 4- 
pyridyl, 1 -imidazolyl, 5-thiazolyl morpholino, thiomorpholino, etc.), halogen (fluorine, chlorine, bromine, 
iodine), carboxy I, alkoxycarbonyl (preferably C2-5 ones such as methoxycarbonyl, ethoxycarbonyl, etc.), 
cyano, etc. Further, the aryl and the heterocyclic groups may have one to two or more substituents at an 
optional position of the ring. As the said substituents, mention is made of, for example, unsubstituted C1-20 
alkyl (e.g. methyl, ethyl, propyl, isopropyl, butyl, t-butyl, pentyl, hexyl, octyl. nonyl, decyl, undecyl, dodecyl, 
tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, eicosyl, etc.), lower (Ci-^) 
alkyl optionally substituted with hydroxyl group, carboxyl, C2-5 alkoxycarbonyl, piperazyl, phenylthio, etc., 
C2-*allyi (vinyl, etc.) optionally substituted with carboxyl or alkoxycarbonyl (C2-S alkoxycarbonyl such as 
methoxycarbonyl, ethoxycarbonyl, etc.), hydroxyl group, halogen (fluorine, chlorine, bromine, etc.), nitro, 
formyl. C1-3 alkoxy (methoxy. etc.), carboxyl, trifluoromethyl, di-Ci-a alkylamino, Cs-7 cycloaikyl. C1-3 
alkylthio, etc. 

As the chain-like hydrocarbon residue having 2 to 15 carbon atoms, which has no lower alkyl on the a- 
position, represented by R 2 , mention is made of straight-chain or branched C2-15 chain-like aliphatic 
hydrocarbon groups, and when it is alkenyl, the number of double bonds is usually 1 to 5, and these double 
bonds may be conjugated. And, in the case of alkynyl, the number of its triple bonds is 1 to 5. 

As the above-mentioned chain-like hydrocarbon residues, those having 2 to 6 carbon atoms are 
preferable, as exemplified by alkyl such as ethyl, i-propyl, butyl, i-butyl, sec-butyl, t-butyl, pentyl, hexyl, 
alkenyl such as 1-propenyl, 2-butenyl, 1 ,3-butadienyl, 2-pentenyl, vinyl, 2-propenyl, isopropenyl, and alkynyl 
such as ethynyl. 2-propynyl, 2-penten-4-ynyl. 

Referring to the substituents of C 2 -is chain-like hydrocarbon residue represented by R 2 , as preferable 
alkoxycarbonyl, mention is made of C2-5 alkoxycarbonyl (methoxycarbonyl, ethyoxycarbonyl, propoxycar- 
bonyl. i-propoxycarboxyl, etc.), and, as halogen, mention is made of fluorine, bromine, chlorine and iodine. 
As the aryl and heterocyclic groups, mention is made of the respectively those similar to the groups 
described as above, and, when these groups have further substituents are mentioned those similar to the 
groups described as above. 

Examples of the lower alkyl shown by R 3 include Ci-s alkyl such as methyl, ethyl, propyl, i-propyl. 
butyl, i-butyl, sec-butyl, t-butyl. amyl, hexyl, etc., especially, C1-3 alkyls (methyl, ethyl, propyl, i-propyl, 
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etc.) are preferable. 

As the acyl shown by R\ mention is made of acyl carboxylaie, acyl sulfonate, acyl phosphate, etc., 
preferably those having Ci-io substituents (methyl, ethyl, propyl, phenyl, etc.). Preferable ones include 
chain-like (Ci-io) or cyclic (C3-10) aikanoyl, such as formyl, acetyl, propionyl, Isobutyryl, decanoyl. 

5 cyclopentyl or cyclohexylcarbonyl, benzoyl, optionally quaterized nicotinoyl, half ester of succinate, etc. 

Examples of the lower aJkyl shown by R 5 and R 6 respectively include C1 -s aJkyl such as methyl, ethyl, 
propyl, i-propyl, butyl, l-butyl, sec-butyl, t-butyl, amyl. hexyl, etc., especially preferable ones being C1-3 
aikyl (methyl, ethyl, propyl, i-propyl, etc.). These substituents are exemplified by hydroxyl group, halogen 
(fluorine, bromine, chlorine, iodine, etc.). nitro, trifluoromethyl, carboxyl, C2-5 alkoxycarboxyl 

70 (methoxycarbonyl, ethoxycarbonyl, etc.), 3-pyridyl, 1-imidazolyl. 5-thiazolyl, etc. And. examples of the lower 
alkoxy shown by R 5 and R 6 include C1-3 alkoxy such as methoxy, ethoxy, propoxy. i-propoxy, etc. 

When R 5 and R* combined represent butadienylene. naphthalene ring is formed, and as the sub- 
stituents on thus-formed benzene ring, are mentioned one to three lower (C1-3) alkyls, lower (C1-3) alkoxy 
(methoxy, ethoxy, propoxy, etc.), hydroxyl group, nitro, halogen, etc. 

is The compound (I) may, in accordance with the kinds of substituents thereon, form corresponding salts, 
and the salts are exemplified by those with an organic acid (e.g. acetic acid, propionic acid, oxalic acid, 
maleic acid) or an inorganic acid (e.g. hydrochloric acid, sulfuric acid, phosphoric add, etc.), or those with a 
base such as an alkali metal (potassium, sodium, etc.). an alkaline earth metal (calcium, magnesium, etc.), 
ammonia, etc., and. among them, physiologically acceptable ones are especially preferable. 

20 The compound (I) can be produced by. for example, allowing a compound represented by the formula 



25 




(ii: 



wherein R\ R 3 . R 5 and R 6 are of the same meaning defined as above. Z is hydrogen or a hydroxy I- 
30 protecting group, to react with halogen molecule in the presence of a base to cause ring-closure, or by 
subjecting the compound (II) to the treatment with a peracid in the presence of a base to cause ring 
closure, followed by allowing thus ring-closed compound to react with an oxidizing agent, then subjecting 
thus-obtained compound to addition-elimination reaction with a compound represented by the formula 
(CsH 5 ) 3 P e -R 2 'x e (III) 

35 wherein X is halogen. R 2 is a chain-like hydrocarbon residue whose carbon number is less by one than that 
of R 2 . followed by. when desired, subjecting the resultant to deprotection, acylation, hydrogenation or(and) 
substituent-exchange reaction, respectively. 

As the hydroxyl-protecting group, C2-* aikanoyl such as acetyl, propionyl. etc. is mentioned. 
The ring-closure reaction with the aid of halogen is carried out by allowing, for example, bromine to 
40 react in an organic solvent such as halogenated carbon (e.g. chloroform, methylene chloride, etc.) or acetic 
acid. etc. at temperatures ranging from -5* C to 80* C. 

And, the cyanation can be carried out, in general, by allowing, for example, sodium cyanate or 
potassium cyanate to react fn a solvent such as dimethyl sulfoxide, dimethyl formamide, etc. at tempera- 
tures ranging from 60* C to 100* C for 1 to 24 hours. In this case, the protecting group is hydrolyzed with a 
45 small volume of water present in the reaction system to give a 5-hydroxy compound at one stroke. 

The ring-closure reaction by the use of a peracid is conducted by using a peracid such as m- 
chloroperbenzoic acid in an organic solvent such as methyl chloride in the presence of a base such as 
triethylamine at temperatures ranging from -10* C to 50* C. And. the oxidation is conducted by using an 
oxidizing agent obtained from dimethyl sulfoxide and oxalyl chloride, chromium trioxide, etc.. in an organic 
50 solvent such as methylene chloride, acetone, etc.. and, when desired, in the presence of a base such as 
triethylamine, etc., at temperatures ranging from -78* C to 25* C. 

The addition-elimination reaction (Wittig reaction) is conducted by using, as the base, sodium hydride, 
sodium hydrobromide. sodium aicoholate, n-butyl lithium, lithium diisopropyl amide, etc., in a solvent such 
as dimethyl sulfoxide, tetrahydrofuran, dimethoxy ethane, etc. at temperatures ranging from -78* C to 80 C 
55 for about 0.5 to 24 hours. 

And, when the double bond is hydrogenated. the object compound can be obtained in accordance with 
a conventional method using a catalyst such as palladium-carbon, etc. 

The elimination (hydrolysis) of the hydroxy-protecting group can be conducted under the conditions of 
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conventional ester hydrolysis, but when the product is unstable against oxygen under basic conditions, the 
reaction is conducted under argon atmosphere to thereby obtain the desired hydro lyzate in a good yield. 

The acylation is carried out by using a desired acylating agent (acid anhydride, acid haiogenide, etc.), 
when necessary, in the presence of a basic catalyst (preferably sodium hydride, potassium carbonate, 
5 pyridine and triethylamine) or an acid catalyst (sulfuric add, hydrogen chloride, etc.), in an organic solvent 
(e.g. dimethylformamide, acetone, tetrahydrofuran) at temperatures ranging from about -10* C to 100* C for 
about 10 minutes to 15 hours. 

Thus-obtained compound (1) can be isolated by conventional separation purification means (extraction, 
chromatography, recrystalfization, etc.). 
w And, when the compound (I) exists in the state of diastereomer, the respective components can be 
isolated by the above-mentioned separation purification means. 

And, when the compound (I) is an optically active compound, it can be resolved into d-compound and 
I -compound by conventional means for optical resolution. 

The starting compound (II) can be synthesized by, for example, the method described below. More 
is specifically, the monoacetate (IV) of hydroquinone is allowed to react with aryi haiogenide in the presence 
of a base to lead to ally! ether (V), followed by subjecting (V) to Claisen rearrangement to give (II). 
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The compound (I) of this invention has an action of inhibiting production of 5-lipoxygenase-type 
metabolite [leucotrienes, 5-hydroperoxyeicosatetraenoic acid (HPETE), 5-hydroxyeicosatetraenoic acid 
(HETE). lipoxins, leucotoxins, etc.] and 1 2-lipoxygenase-ty pe metabolite (12-HPETE, 12-HETE, etc.), and, 
therefore, the compound (I) can be used advantageously as an agent for ameliorating circulatory system, an 
anti-allergic agent an agent acting on central nervous system. 

The compound (I) can be safely administered, orally or *) singly or as a pharmaceutical composition 
prepared by mixing the compound (I) with a per se known pharmaceutically acceptable carrier, excipient, 
etc. (e.g. tablet capsule, liquid, injection, suppository), to mammals (rat horse, cow, monkey, human, etc.). 
While the dosage varies with subjects of administration, administration routes, symptoms, etc., in the case 
of. for example, administering orally to an adult patient suffering from diseases of circulatory system, it is 
convenient to administer with about 0.1 mg/kg to 20 mg/kg/body weight/dose, preferably 0.2 mg/kg to 10 
mg/kg/body weight once to three times a day. 



Experimental Example 1 :5-Lypoxygenase Inhibiting Action 

In 0.5 ml of MCM (mast cell medium) was suspended 10 7 of rat basophilic leukemia (RBL-1) cells. To 
this suspension was added the test solution previously prepared [consisting of 0.5 ml of MCM, 50 ug of 
arachidonic acid, 10 ug of calcium ionophore A-23187 and the test compound (final concentrations 10 uM, 
1 uM, 0.1 uM and 0.01 u.M)] ( and the reaction was allowed to proceed at 37* C for 20 minutes. To the 
reaction mixture was added 4 ml of ethanol, which was shaken sufficiently, followed by leaving the 
resultant mixture standing for 10 minutes at room temperatures. The resultant mixture was subjected to 
centrifuge (2000 rpm) for 10 minutes, then the supernatant was separated. Thus-separated supernatant was 
concentrated to dryness under reduced pressure. To the concentrate was added 0.5 ml of a 60% aqueous 
methanol. 100ul Portion of this solution was taken and subjected to high performance liquid chromatog- 
raphy to perform quantitative determination of 5-HETE (5-hydroxyeicosatetraenoic acid). UV absorption of 5- 
HETE at 237 nm was measured with a UV absorption monitor. The inhibitory effect (IE) of 5-HETE is 
expressed by (1-b/a) x 100. In this formula, a means the height of the peak or the area of the peak in the 
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case of containing no compound (I). while b means the height of the peak or the area of the peak in the 
case of containing the compound (I). The results revealed, as shown in Table 1. that the test compounds 
showed strong Inhibitory action on the production of 5-HETE. 

5 Table 1 



Effect of Inhibiting 5- Lipoxygenase 




% Inhibition (IE) 


Compound 1 


lO^M 


lO-SM 


10~ 7 M 


10-«M 


5 


100 


100 


57 


0 


6 


100 


100 


52 


4 


10 


100 


99 


98 


12 


12 


100 


100 


90 


46 



Experimental Example 2 

Through the descending aorta of a Wistar rat, 10 ml of blood was collected, under anesthesia, together 
with citric acid of a volume corresponding to 10%. PRP and PPP were respectively prepared, then they 
were mixed to make the number of platelets to be 10 9 /ml. To 2.5 ui each of the test solutions prepared in 
advance (final concentrations of the test compounds : 100 uM, 10 uM, 1 uM and 0.1 uM) was added 0.225 
ml of the platelet solution. The respective solutions were kept at 37* C for 5 minutes, to which was added 
25 Hi each of arachidonic acid solution (50 ug/ml) , then the respective mixtures were shaken 
immediately. The reaction was allowed to proceed at 37* C for 15 minutes, and there was added ethanol (1 
mt) to stop the reaction. The reaction mixture was subjected to a centrifuge (2000 rpm) for 5 minutes. One 
ml of the supernatant was taken, which was mixed with 1 mt of water. lOOut of this mixture solution was 
subjected to high performance liquid chromatography to quantitatively determine 12-HETE. The detection 
was conducted at 240 nm. The calculation of the inhibition rate was conducted in a manner as in the case 
of 5-HETE The results were shown in Table 2. 



40 



45 



50 



55 
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Table 2 



12-Lipoxygenase Inhibitory Action 


' 


% Inhibition (IE) 


Compound 


10-*M 


lO^M 


10- 6 M 


10' 7 M 


5 


97 


78 


4 A 

14 




6 


98 


Oft 

88 


4 

16 


2 


10 


96 


92 


52 


AC 

45 


12 


95 


82 


11 




15 


100 


100 


99 


25 


17 


4 A A 

100 


99 


r»A 

98 


22 


18 


4 AA 

100 


100 


o/v 

89 


4 A 

18 


20 


100 


99 


97 


9 


21 


100 


100 


98 


21 


23 


-inn 

100 


4 Aft 

100 


no 

92 


4 A 

19 


24 


100 


99 


98 


13 


26 


100 


99 


28 




27 


100 


100 


99 


19 


29 


100 


99 


58 


7 


30 


100 


100 


98 


21 


32 


99 


99 


45 


2 


33 


100 


100 


28 


2 


35 


99 


99 


49 


8 


36 


100 


100 


100 


97 


37 


100 


' 100 


31 


2 


38 


99 


99 


90 


3 


39 


100 


100 


32 




40 


99 


96 


48 


6 


41 


99 


74 


20 


9 



35 Ex^Ptes 

By the following Reference Examples, Examples and Formulation Examples of the compounds of the 
present invention, the present invention will be described in a more concrete manner, but the present 
invention is not to be limited thereto. 

40 



Reference Example 1 

To a solution of 4-acetoxy-2.3,5-trimethylphenol [20 g (103 mmol.)] and methalyl chloride [10 g (110.4 
mmol.)] in dimethylformamide (160 ml) was added potassium carbonate [15.2 g (110 mmol.)]. The mixture 
was stirred for 3 hours at 80 *C under argon atmosphere. The reaction mixture was, after cooling, diluted 
with water, which was subjected to extraction with ethyl acetate. The extract was washed with water and 
dried, then the solvent was distilled off. The residue was crystallized from hexane to obtain the desired 4- 
acetoxy-2.3.5-lrimethylphenyl-2-methylpropenylether [18.5 g (yield 72.4%)], m.p.44* to 45* C. 

In a similar manner to the above, 4-acetoxy-2,3,5-trimethylphenyl allyl ether was synthesized, (yield 
76.7%, m.p. 40"-41 # C). 



Reference Example 2 

In N,N-diethylaniline (100 ml) was dissolved 4-acetoxy-2,3 t 5-OT*methylphenyl 2-methylpropenylether 
[16.2 g (6.5 mmol)], which was heated at 200* C for two hours. The reaction mixture was cooled and diluted 
with isopropyl ether, which was washed with 2N-HCI to remove N,N-diethylaniline. The remainder was 
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washed with a saturated aqueous solution of sodium hydrogencarbonate, which was dried, followed by 
distilling off the solvent The residue was crystaJIized from isopropylether-hexane to obtain the desired 4- 
acetoxy-2-{2-methyl-2-propenyl)-3,5.6-trimethylphenol [14.9 g (yield 91.7%)] , rrup. 109 # -110*C. 

In a manner similar to the above, 4-acetoxy-2-aIlyl-3,4 i 6-trimethylphenol was synthesized. (Yield 94.6%. 
s m.p. 117*-118 # C) 



Reference Example 3 

10 In methylene chloride (100 ml) was dissolved 4-acetoxy-2-(2-methyl-2-propenyl)-3.5.6-trimethylphenol 
[30 g (40.3 mmol)]. To the solution was added at 0 C, in limited amounts, m-chloroperbenzoic acid [16.7 g 
(67.8 mmol)]. The reaction mixture was stirred for one hour, to which was added triethylamine (30 ml), 
followed by stirring for further one hour. The reaction mixture was washed with a saturated aqueous solution 
of sodium hydrogen carbonate, which was dried, followed by distilling off the solvent The residue was 

is crystallized from isopropyl ether - hexane to obtain the desired 5-acetoxy-2-hydroxymethyl-2,4,6,7- 
tetramethyl-2,3-dihydrobenzofuran [9.3 g (yield 87.4%, m.p. 98-99* C)]. 



Reference Example 4 

20 

To a methylene chloride solution (50 ml) of oxalyi chloride (2 ml) was added dropwise at -60 *C 
dimethylsulfoxide (4 ml). The mixture was stirred for 10 minutes, to which was then added dropwise a 
methylene chloride (10 ml) of 5-acetoxy-2-hydroxymethyl-2,4,6,7-tetramethyl-2,3-dihydrobenzofuran [5.0 g 
(19 mmol)]. The reaction mixture was stirred for 15 minutes, to which was added triethylamine (15 ml), and 
25 the mixture was stirred for further 10 minutes. The reaction mixture was washed with water and dried, 
followed by distilling off the solvent The residue was crystallized from isopropylether - hexane to obtain 5- 
acetoxy-2-formyl-2 t 4,6,7-tetramethyl-2,3-dihydrobenzofuran (yield 96.7%), m.p. 78-79 *C. 



30 Example 1 

To a chloroform (15 ml) solution of 4-acetoxy-2-allyl-3,5,6-trimethylphenol [2.0 g(8.5 mmol)] was added 
dropwise, while stirring, bromine [1.36 g (8.5 mmol)]. To the mixture was then added triethylamine (0.3 ml), 
which was heated for two hours under reflux. The reaction mixture was cooled, washed with water, dried 
35 and then concentrated. The concentrate was crystallized from hexane to obtain 5-acetoxy-2-bromoethyl- 
4,6,7-trimethyl-2,3-dihydrobenzofuran (Compound 14) [2.5 g(yield 93.2%)]. 

In a manner similar to the above, 5-acetoxy-2-bromomethyl-2,4,6,7-tetramethyl-2,3-dihydrobenzofuran 
(Compound 13) was obtained from 4-acetoxy-3,5,6-trimethyl-2-(2-methyl-2-propenyl)phenol. 

40 

Example 2 

To a dimethyl sulfoxide (5 ml) solution of 5-acetoxy-2-bromomethyl-2,4,6,7-tetramethyl-2,3-dihydroben- 
zofuran [1.5 g(4.58 mmol)] was added sodium cyamide [270 mg (5.5 mmol)], and the mixture was stirred at 
<s 80 *C for 6 hours under argon atmosphere. The reaction mixture was, after cooling, diluted with water, 
which was subjected to extraction with ethyl acetate. The extract was washed with water and dried, followed 
by distilling off the solvent. The residue was purified by means of a silica gel column chromatography 
[hexane - isopropyl ether (2:1)] to obtain 5-acetoxy-2,3-dihydrobenzofuran (Compound 6) (350 mg) and 5- 
acetoxy-2-cyanomethyl-2.4,6,7-tetramethyl-2,3-dihydrobenzofuran (Compound 5)(158 mg). 



Example 3 

To a dimethylformamide (20 mol) solution of triethyl phosphonoacetate [2.7 g (12.1 mmol)] was added 
55 sodium hydride (content 60%)(504 mg), which was stirred for 15 minutes. To the reaction mixture was 
added a dimethyl formamide (5 ml) solution of 5-acetoxy-2-formy»-2 i 4 t 6.7-pentamethyl-2.3-dihydroben- 
zofuran [3.0 g (11.5 mmol)], and the mixture was stirred for further 30 minutes. The reaction mixture was 
diluted with water, which was subjected to extraction with ethyl acetate. The extract solution was washed 
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with water and dried, followed by distilling off the solvent The residue was crystallized from hexane- 
isopropylether to obtain 3-(5-acetoxy-2A6 J^rrtamethyl-2 i 3-dihydrobenzofuran-2-yl)acetic acid ethyl ester 
(Compound 4)(3.5 g). In a manner similar to the above, Compound 8 was synthesized. 

5 

Example 4 

To a methanol (10 ml) solution of ethyl ester of 3-(5-acetoxy-2,4,6,7-p*ntamethyl-2.3- 
dihydrobenzofuran-2-y!) acrylic acid [3.5 g (10.5 mmol)] was added a solution of sodium hydroxide (1.0 g) 

ro in water (5 ml). The mixture was heated for two hours under reflux under argon atmosphere. The reaction 
mixture was cooled and neutralized with 2N-HCI, which was subjected to extraction with isopropyl ether. 
The extract solution was washed with water and dried, followed by distilling off the solvent The residue was 
crystallized from tetrahydrofuran - ethyl acetate to afford the desired 3-(5-acetoxy-2,4,6.7-pentamethyl-2 t 3- 
dihydrobenzofuran-2-yl)acrylic acid (Compound 3)(2.06 g). In a manner similar to the above, Compounds 7 

is and 10 were synthesized. 



Example 5 

20 To a solution of 3^5-acetoxy-2,4,6,7-pentamethyl-2 t 3Klihydrobenzofuran-2-yl)acryiic acid (1.0 g) in 
acetic acid (10 ml) was added 5% palladium-carbon (0.4 g), and the mixture was subjected to hydrogena- 
tion for two hours at 80 C. The catalyst was then filtered off, followed by distilling off the solvent The 
residue was crystallized from tetrahydrofuran-isopropyl ether (IPE) to afford the desired 3-(5-hydroxy- 
2,4.6.7-pentamemyl-2,3-dihydrobenzofuran-2-yl) propionic acid (Compound 2)(0.97 g). In a manner similar 

25 to the above. Compounds 9 and 12 were obtained. 



Example 6 

30 To a solution of 5-hydroxy-2-cyanomethy 1-2,4,8, 7-tetramethyl-2,3-dihydrobenzofuran in methanol (5 ml) 
was added a solution of sodium hydroxide (0.5 g) in water (5 ml). The mixture was heated for three hours 
under reflux under argon atmosphere. The reaction mixture was cooled and neutralized with 2N-HCI. The 
reaction product was extracted with ethyl acetate. The extract solution was washed with water, dried and 
concentrated, which was crystallized from ethyl acetate - isopropyl ether to afford the desired 2-(5-hydroxy- 

35 2.4.6.7-tetramethyI-2.3-dihydrobenzofuran-2-yl)acetic acid (Compound 1) (0.1 g). 



Example 7 

40 To a suspension of benzyltriphenyl phosphonium chloride [1.5 g (3.87 mmol)] in tetrahydrofuran (5 ml) 
was added dropwise, under ice-cooling, an n-butyl lithium hexane solution [(1.6 M) 24 ml], followed by 
stirring for 15 minutes. To the reaction mixture was added a solution of 5-acetoxy-2-formy 1-2,4,6,7- 
tetramethyl-2,3-dihydrobenzofuran (1.0 g) in tetrahydrofuran (3 ml). The mixture was added water, which 
was subjected to extraction with ethyl acetate. The extract solution was washed with water and dried, then 

45 the solvent was distilled off. The residue was purified by means of a silica gel column chromatography 
[hexane-IPE(2:1)] to obtain the desired 5-acetoxy-2-dnnamoyl-2.4,6,7-tetramethyl-2,3-dihydrobenzofuran 
(Compound 11) (1.22 g). 

Physico-chemical properties of the compounds obtained as above are shown in Table 3. 
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A) Soft capsule 


(1) Compound 3 


50 mg 


(2) Corn oil 


100 mg 




total 150 mg 



By a conventional method, (1) and (2) were mixed, which was filled in a capsule. 



B) Tablet 


(1) Compound 10 


50 mg.- 


(2) Lactose 


30 mg; 


(3) Com starch 


10.6 mg 


(4) Com starch (paste) 


5 mg* 


(5) Magnesium stearate 


0.4 mg 


(6) Carboxymethy! cellulose sodium 


20 mg 




total 116 mgr 



By a conventional method, these were mixed, which was tableted by a tablet machine. 
Claims 

1 . A compound of the formula- 




wherein R 1 is hydrogen or a lower aJkyl; R 2 is methyl which is substituted by a carboxy, alkoxycarbonyl, 
cyaho, halogen, aryl or heterocyclic group or C2-15 chain-like hydrocarbon residue having no lower alky I at 
the a-position which may be substituted by a carboxy, alkoxycarbonyl, cyano, halogen, aryl or heterocyclic 
group; R 3 is a lower alkyl; R 4 is hydrogen or acyl; and R s and R 6 each is a lower alkyi or lower alkoxy, or 
R 5 and R 6 combined are butadienylene or a salt thereof. 

2. The compound according to claim 1, wherein R 1 is hydrogen or C1-3 alkyl. 

3. The compound according to claim 1. wherein R 2 is methyl substituted by carboxy, cyano or halogen. 

4. The compound according to claim 1, wherein R 2 is methyl substituted by phenyl, thienyl, pyridyl, 
imidazolyl. thiazoiyl or morpholino which may be further substituted by C1-20 alkyl, substituted Ci-a alkyl, 
C 2 -* alkyl. hydroxy, halogen, nitro. formyl, Ci- 3 alkoxy, carboxy, trifluoromethyl. di-Ci- 3 alkylamino, Cs-7 
cycloalkyl or Ci -3 alkylthio. 

5. The compound according to claim 1, wherein R 2 is C2-1S alkyl or C2-15 alkenyl which may be 
substituted by carboxy, C1-3 alkoxycarbonyl or phenyl which may be substituted with halogen, Ci-a alkyl, 
Ci -a alkoxy or hydroxy. 

6. The compound according to claim 1 , wherein R 3 is Ci -s alkyl. 

7. The compound according to claim 1, wherein R* is hydrogen or C1-10 alkanoyl. 

8. The compound according to claim 1, wherein R 5 and R 6 are each Ci -s alkyl or C1-3 alkoxy. 

9. The compound according to claim 1, wherein R 1 is methyl; R 2 is C2-6 alkyl or C2-6 alkenyl which is 
substituted by phenyl which may be substituted by Ci - 3 alkyl, Ci -3 alkoxy or halogen; R 3 is methyl; R* is 
hydrogen; and R 5 and R 6 are each methyl. 

10. The compound according to claim 1, which is 5-hydroxy-2-cinnamoyl-2.4,6,7-tetramethy 1-2,3- 
dihydrobenzofuran. 

11. The compound according to claim 1, which is S-hydroxy^-phenylethyl^^.e.T-tetramethyl-iS- 
dihydrobenzofuran. 
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12. The compound according to claim 1. which is S-hydroxy^HZhpentenyO-a^.ej-tetramethyl-a.S- 
dihydrobenzofuran. 

13. A method of producing the compound according to claim 1, which comprises reacting a compound 
of the formula: 

5 



w 




(II) 



wherein R 1 . R 3 . R 5 and R* are of the same meaning defined as above, Z is hydrogen or hydroxy l-protecting 
*s group, with halogen molecule in the presence of a base to cause ring-closure, or reacting the compound 
with a peradd, followed the ring closed compound with an oxidizing agent and reacting the resulting 
compound with a compound of the formula: (CeHshP®^ 2 X° wherein X is halogen and R 2 ' is a chain-like 
hydrocarbon residue whose carbon number is less by one than that of R 2 , and when desired, subjecting the 
resultant to deprotection. acylation, hydrogenation or/and substituent-exchange reaction. 
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